Summary. Acidic 
Introduction
The epididymis provides an environment for post-testicular maturation of spermatozoa (for reviews see Bedford, 1975; Hamilton, 1975; Turner, 1979) . This environment is the result of specialized absorptive and secretory functions confined to the androgen-dependent epithelium of the epididymal duct. Some of the products secreted by epididymal epithelial cells interact with spermatozoa during their passage through the epididymis and facilitate the development of motility and acquisition of fertilizing capacity of the male gamete (Bedford, 1975) . The available experimental data have shown that androgen-binding protein (ABP), a specific Sertoli cell secretory protein, is transported to the epididymis as an androgen-protein complex (French & Ritzen, 1973) . It has been suggested that ABP supplies androgens for the maintenance of the epididymal structure and function (Tindall et al, 1974; Danzo, Cooper & Orgebin-Crist, 1977; Purvis & Hansson, 1978) . Another protein present in the rat epididymal fluid, acidic-epididymal glycoprotein (AEG, molecular weight 32 000) (Lea, Petrusz & French, 1978) has been identified as a secretory product of principal cells. Principal cells are the predominant cell type of the rat epididymal epithelium (Hamilton, 1975) A primary cell culture system consisting of epididymal epithelial cells may express functions of the epididymal epithelium as they occur in the intact organ and, thus, provide a system for experimentation. We have previously reported a cell isolation and culture procedure of enzymically dissociated epididymal epithelial cells from pubertal and sexually mature rats (Kierszenbaum, Lea, Petrusz, French & Tres, 1981a) . In the present study our attention has been devoted to the culture of epithelial cells isolated from the epididymis of pubertal rats (20) (21) (22) (23) days old).
Materials and Methods

Preparation of cultures
Primary cultures of rat epididymal epithelial cells. A complete description of the method has been reported (Kierszenbaum et al, 1981a) . Briefly, epididymides of 20-23-day-old rats (Charles River CD) were removed aseptically and dissected free of fat, connective tissue and blood vessels. During the 15-min interval required for removal of epididymides and separation of caput, corpus and cauda segments, each epididymis was placed in Hanks' Balanced Salt Solution (HBSS) . Epididymal segments were cut into small pieces (2 mm or less) and dissociated with 0-25% trypsin in HBSS at 32°C for 30 min with continuous agitation. The resulting sample was centrifuged (800 g, 5 min), the supernatant discarded and the pellet was suspended in a solution of collagenase (1 mg/ml HBSS) and incubated at 32°C for 60-75 min. The sample was allowed to stand at room temperature for 5 min, the supernatant was discarded and the resulting sediment containing traces of collagenase was suspended in Eagle's minimum essential medium (Gibco, Grand Island, NY) supplemented with non-essential amino acids (0-1 mM), sodium pyruvate (1 mM), glutamine (4 mM), 5a-dihydrotestosterone (10~9 m), 10% (v/v) fetal bovine serum, penicillin (100 U/ml) and streptomycin (100 µ /ml). The Dorrington & Fritz (1975) , slightly modified , and the immunocytochemical characterization of ABP immunoreactive rat Sertoli cells were as described by Kierszenbaum et al (1980) .
Immunohistochemical localization of AEG and ABP in intact epididymides
Whole epididymides were fixed in 4% paraformaldehyde in phosphate buffer (pH 7-4). The tissue was then dehydrated to dimethoxypropane (Maser & Trimble, 1977) and transferred to xylene for infiltration and paraffin-wax embedding. Sections (5 µ thick) were processed for immunoperoxidase staining according to the technique of Petrusz, DiMeo, Ordronneau, Weaver & Keefer (1975) . Method specificity was tested by staining with increasing dilutions of anti-AEG and anti-ABP sera generated in rabbits. Satisfactory staining was obtained with 1:1000-1:10 000 dilutions. No staining was detected at dilutions of 1:100 000 or higher. Antibody specificity was tested by observing the absence of staining after absorbing anti-AEG serum with purified AEG (Lea et al, 1978) . Anti-ABP serum absorption with purified ABP or epididymal cytosol significantly reduced staining (Kierszenbaum et al, 1980; Feldman et al, 1981) . AEG and ABP antibodies were evaluated by immunodiffusion, immunoelectrophoresis and radio¬ immunoassay as previously reported (AEG; Lea et al, 1978; ABP: Feldman et al, 1981) .
Terminology
According to Sun & Flickinger (1979) (Hoffman, 1977 Fig. 2 ), corpus and cauda regions (PI. 1, Fig. 1 ).
To determine whether ABP was transported towards the epididymal duct of pubertal rats, sections of the same epididymides as used for AEG staining were reacted with anti-ABP serum. ABP immunoreactivity was restricted to the caput epididymidis. Plate 1, Fig. 3 Fig. 9 ). After digestion, specimens of the epididymal epithelium retained the morphology and integrity typical of the intact tissue (PI. 1, Fig. 7 ; PI. 2, Fig. 8 ). Epididymal epithelial cells were identified as principal cells by the presence of long microvilli extending into the lumen and by the presence of a dilated vacuolar system representing Golgi and endoplasmic reticulum elements. "Halo cells", regarded as migrating leucocytes which infiltrate the epididymal epithelium (Hoffer, Hamilton & Fawcett, 1973; Dym & Romrell, 1975) , were distinctly identified in the enzymically treated samples (PI. 1, Fig. 7 ; PI. 2, Fig. 8 ).
After plating, aggregates and single epididymal epithelial cells attached to the substrate and established a colony-like, epithelial-like growth pattern as monitored by phase-contrast microscopy (PI. 2, Fig. 10 ; Kierszenbaum et al, 1981a) , modulation contrast microscopy (PI. 2, Fig. 11 ), scanning and transmission microscopy (see below).
Scanning electron microscopy of cultured epididymal epithelial cells
The morphological behaviour of epididymal epithelial cell aggregates in short-and long-term cultures was monitored by scanning electron microscopy. Epididymal epithelial cells isolated from caput and cauda epididymidis cultured for 48-72 h displayed long microvilli (average length: 2-8 ±0-40 µ ) distributed randomly (PL 3, Fig. 12 ) or in a clumping, branching pattern (PI. 3, Fig. 13 ). Pit-like invaginations of the cell surface were also observed (PI. 3, Fig. 13 ). Long microvilli decreased in number with increasing time in culture (after 72 h) as epididymal epithelial cells established a monolayer. Discrete clusters of epithelial cells showed both long and short microvilli (average length: 0-20 ± 0-06 µ ) sparsely distributed across the cell surface and at the intercellular border (PI. 3, Fig. 14) . Cells maintained broad areas of contact with adjoining cells, a feature which is characteristic of epithelial cells in culture (PI. 3, Fig. 14) . Epididymal epithelial cells cultured for about 30 days retained the epithelial-like pattern but were devoid of microvilli and pit-like invaginations (PI. 3, Fig. 15 ). This finding was interpreted as a modification of the epididymal epithelial cell surface indicative of a possible decline of the absorptive function as cells adapted to culture conditions. Transmission electron microscopy ofcultured epididymal epithelial cells When epididymal epithelial cells isolated from whole epididymides of 20-23-day-old rats were studied during the first 3 days of culture by transmission electron microscopy, it was possible to identify cell aggregates held together by junctional complexes, sometimes forming a small lumen (PI. 4, Fig. 16 ). These cells were identified as primary expiants of epididymal epithelial cells maintained in culture. After 3-4 days in culture, as cells adapted gradually to tissue culture conditions and formed a monolayer, it was possible to find an extensive network of filaments and microtubules throughout the cytoplasm (not shown). Microfilaments were arranged in thick bundles along the cell edges just under the cell membrane (PI. 4, Fig. 17 ). Typical intercellular junctions (tight junctions and desmosomes) were observed between adjacent cells (PI. 4, Fig. 17 Fig. 7 ; PI. 2, Fig. 8) .
The apical surface of epididymal epithelial cells examined 6-7 days after plating exhibited short microvilli and coated pits (PI. 5, Fig. 18 ) in agreement with scanning electron microscopic results (PI. 3, Fig. 13 ). The cytoplasm of these cells contained discrete Golgi apparatus components and dilated rough endoplasmic reticulum cisternae with electron-dense contents (PI. 5, Fig. 19 ). Epididymal epithelial cells examined after 2 months in culture (PI. 5, Fig. 20 (Kierszenbaum et al, 1981a; Kierszenbaum, Petrusz, Lea, French & Tres, 1981b) .
Discussion
The present study describes immunohistochemical, electron microscopic and electrophoretic aspects of primary cultures of epididymal epithelial cells from caput, cauda and whole epididymides of pubertal rats. We have used these technical approaches (1) to determine the usefulness of epididymides of sexually-immature rats as a source of tissue for biological studies and (2) to validate the method by monitoring different steps of cell isolation and culture. Results from this and previous studies (Kierszenbaum et al, 1981 a, b) (Orgebin-Crist & Tichenor, 1972; Blaquier, 1973) and the separation of homogeneous populations of viable epididymal cells by unit gravity sedimentation (Brooks, 1975; Killian, Snyder & Amann, 1977) . The epididymal epithelial cell culture system may also overcome limitations inherent to these two procedures (Kierszenbaum et al, 1981a) .
The epididymis of pubertal rats displayed a well-defined anatomical localization of immunoreactive AEG associated with cells morphologically regarded as principal cells. ABP was also localized in the principal cells of the caput epididymidis. Therefore, we can assume that ABP is transported from the testis towards the epididymal duct of sexually immature rats. Principal cells are known to concentrate ABP in the caput epididymidis of sexually mature rats (Feldman et al, 1981 Sun & Flickinger (1979) , the epididymal epithelium of 20-23-day-old rats consists only of narrow and columnar cells. In our immunohistochemical preparations narrow and columnar cells were both AEG immunoreactive.
The epididymis absorbs fluid (Setchell, 1970) and ABP of testicular origin (French & Ritzen, 1973; Danzo et al, 1977; Purvis & Hansson, 1978; Feldman et al, 1981) . It also secretes products which facilitate motility (Acott & Hoskins, 1978) , fertilizing capacity (Orgebin-Crist & Jahad, 1978) and storage of spermatozoa (Jones, 1974) . Interest in the characterization of specific epididymal secretory proteins stems from recent evidence showing that, as spermatozoa traverse the epididymal duct, they acquire a glycoprotein coat (Lea et al, 1978; Olson & Hamilton, 1978; Kohane, Garberi, Cameo & Blaquier, 1979; Voglmayr, Fairbanks, Jackowitz & Colella, 1980; Olson & Danzo, 1981) . Jones, Brown, Von Glos & Parker (1980) 
